ADA037680 


TtCHNlCAL  REPORT  RH-77-1 


BIBLIOGRAPHY  ON  SOURCES  OF  INFORMATION 
ON  PHENOMENA  OF  INTEREST  IN  GAS  LASER 
RESEARCH  AND  DEVELOPMENT 


School  of  Physics 

Georgia  Institute  of  Technology 

Atlanta,  Georgia.  30332 


January  1977 


Approved  for  public  release;  distribution  unlimited. 


mmm  commm© 

§=tedstonG  Arseina.1 , /Xleibama.  35809 


Prepared  for: 

Army  High  Energy  Laser  Directorate 

US  Army  Missile  Research,  Development  and  Engineering  Laboratory 
US  Army  Missile  Command 
Redstone  Arsenal,  Alabama  35809 


np-' 

UJ  APR  a 19'^^ 

]|ll51]^ttiru  Liilb 
- A - 


DISPOSITION  INSTRUCTIONS 


DESTROY  THIS  REPORT  WHEN  IT  IS  NO  LONGER  NEEDED.  DO  NOT 
RETURN  IT  TO  THE  ORIGINATOR. 


DISCLAIMER 

THE  FINDINGS  IN  THIS  REPORT  ARE  NOT  TO  BE  CONSTRUED  AS  AN 
OFFICIAL  DEPARTMENT  OF  THE  ARMY  POSITION  UNLESS  SO  DESIG- 
NATED BY  OTHER  AUTHORIZED  DOCUMENTS. 


trade  names 


USE  OF  TRADE  NAMES  OR  MANUFACTURERS  IN  THIS  REPORT  DOES 
NOT  CONSTITUTE  AN  OFFICIAL  INDORSEMENT  OR  APPROVAL  OF 
THE  USE  OF  SUCH  COMMERCIAL  HARDWARE  OR  SOFTWARE. 


UNCLASSll-lED 

SECUR'T^'*’  OSSIFICATION  OF  THIS  PAGE  (Whmn  Data  Entarad) 

I ( /V)  ifS^EPORT  DOCUMENTATION  PAGE 


? GOVT  ACCESSION  NO. 


IK  Rljf7-lJ ■ _ __  t 

4.  TITLE  (and  Snbim*; 

^ Bibliography  on  Sources  of  Information  on  Phenomena  of  / 
Interest  in  Gas  Laser  Research  and  Development  « 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

3 RECIPIENT'S  CATALOG  NUMBER 


5.  TYPE  OF  REPORT  & PERIOD  COVERED 


' Technical  Report 


6.  PERFORMING  ORG.  REPORT  NUMBER 


J l^'\V*Tu^aniel,  ^W.  Iillis,  Pi  L./l:isek<  and 
i a (iyThacksto^  __  

0.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

School  or  Physics 

Georgia  Institute  ol  Technology  — 

Atlanta,  Georgia  30332 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

ronimander 

US  Arniv  Missile  Command 
Attn.  DRSMI-RPR 

Ri-ilNtnnc  Arsenal  Al.ihama  33RQ9 

U.  monitoring  agency  name  a AOORESSr/r  dltf^r^nt  from  Controtllna  Of/ICAf 

Commander 

US  Army  Missile  Command 

ATTN.  DRSMl-RH 

Redstone  Arsenal,  Alabama  35809 

IS.  distribution  statement  fof  ffllA  Roporrj 

Approved  lor  public  release;  distribution  unlimited. 


I 8.  contract  or  grant  NUMBERfAj 


10.  PROGRAM  element.  PROJECT,  TASK 
AREA  a WORK  UNIT  NUMBERS 

--y — 

12.  REPORT  DATE 

O j) 

'^4^:  number  of  p ages 

! :02 

15.  SECURITY  CLASS,  (of  thia  raport) 

Unclassified 

15«.  DECLASSIFICATION/ downgrading 
SCHEDULE 


f IT.  DISTRIBUTION  STATEMENT  (of  tha  abatract  antatad  In  Block  20.  If  diffarant  from  Rapori) 


Me.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (Contlnum  on  taaaraa  aldm  If  nacaaaary  and  ld»n(/.V  by  block  numbar) 

Atomic  and  molecular  physics  Gas  dynamics 

Gas-phase  chemistry  Plasma  physics  and  electrical  discharges 

Optics  and  electromagnetic  theory  Optical  properties  of  solids 

Quantum  electronics.  Surface  physics  and  chemistry 

rtiermodynamics  and  heat  transfer 

20.  ABSTRACT  rCanfCoua  aa  ravara*  aM»  ft  rracaaaarr  «ad  fdantffy  by  block  numbar) 

Persons  engaged  in  gas  laser  research  an'i  development  need  data  Irom  many  fields.  This 
report  wa.s  compiled  in  an  effort  to  help  fill  this  need. 


DO  /.rw  i<n  EDITION  OF  t NOV  S&  IS  OBSOLETE 


UNf'LASSIFH  I) 

SECURITY  CLASSIFICATION  OF  THIS  P AG^rBhan  Data  Enf«r**rf» 


PREFACE 


Persons  engaged  in  gas  laser  research  and  developnieiit  need  data  lioin  many  fields  atomic  and 
molecular  physics,  gas-phase  cheiiiistiy,  optics  and  electioniagiielic  iheory.  (|uantiim  eleclionics. 
thermudynaniics  ;uid  heal  Iranslet,  gas  dynamies.  plasma  physics  and  elecliical  discharges.  opiKal 
piope'rties  ol  solids,  suilace  phy  sns  and  chemisiiy.  and  olhei  hiaiiches  of  science  and  engineeiiiig.  Ihese 
data  are  required  for  the  malhemalieal  modeling  of  lasers,  loi  the  choice  ol  materials  in  the  coiislrin.  lion  ol 
lasers,  for  the  inlerptelation  ol  laser  peitoimancc.  and  lor  the  study  ol  the  interaction  ol  lasei  radiation 
with  matter. 


This  hihliography  was  compiled  iii  an  effort  to  help  fill  this  need,  especially  in  atomic  and 
molecular  phy  sics  and  gas-phase  ehemistry.  It  would  have  heen  fai  beyond  our  capacity  in  the  ivailabk 
time  to  search  out  and  list  all  (oi  even  must  I of  the  relevant  reseaich  papers  and  other  souices  of 
infoimalion  even  in  the  lestricted  regime  covVed  here.  The  luiinbc!  ol  entries  would  have  been  well  rti 
e.xcess  of  5 X KT^  llowevei,  it  was  feasible  tor  us  to  seaich  out.  eategori/.e.  and  display  most  of  the  books, 
review  articles,  data  compilations,  and  otiier  bibliographies  of  use  in  gas  laser  research  and  development, 
and  that  is  what  we  have  done.  \ very  small  numher  of  iiidividual  research  papers  that  we  coiiside.  to  be  ol 
siveial  interest  are  also  included. 

We  may  divide  the  relerences  listed  here'iiito  lour  main  groups.  1 he  liisl  deals  with  Atomic 
Collisions.  Here  we  reler  principally  to  two-body  and  throe-body  collisions  beiweeii  elections.’ aioins  and 
molecules  (neutral  and  ioni/ed).  and  photons  at  impact  eneigies  sullicieiitly  low  ihal  iiucleai  torces  are 
unimportant.  Hence,  the  centcr-or-inass  impact  eiieigy  ranges  fiom  lliermal  up  nito  the  low  MeV  range. 
Particle  and  pliVloii  impact  on  surfaces,  and  the  passage  of  particles  and  pholons  through  bulk  matter  are 
also  included  here,  as  are  certain  kinds  of  Iranspoii  phenomena.  Kecause  i.d  the  large  number  ol  chemteal 
references  and  their  great  importance  in  the  present  contexl.  low-energy  collisiorrs  between  iieutial 
structures  are  split  off  and  labeled  “chemical”  whenever  that  appellation  is  considered  appropriate. 


The  iie.vt  main  group  of  relerences  deals  with  the  sinicUuc  and  propei  lies  of  rUonis  aid  molecules 
(neutral  and  loni/.ed).  Here  we  yielded  to  the  temptation  to  insert  a lew  leleiences  on  exotic  species  Imesic 
atoms,  muonium.  and'^osilronium).  The  topics  covered  include  energy  levels,  spectral  lines,  line  brc-adeiimg 
and  line  .shape,  lifetime^,  oscillator  strengths,  tiaiisition  probabtliiies.  and  polari/abilities.  fhete  are  also  a 
few  references  on  excitation,  dissociation,  and  iom/.atioii  ol  panicles  by  electric  and  magnetic  fields.  In 
addition  there  arc  many  items  on  spectroscopy,  interaction  polerilials.  and  iiilermoleciil.il  forces. 

The  third  group  of  references  deals  with  lasers  the  physics  uiideilymg  their  operation,  la'cr 
theory . .ind  applications  of  lasers. 


The  remaining  references  deal  with  a v.niety  of  subjects, which  we  hope  will  be  ol  interest  and 
utility.  I’lanetary  atmospheres  are  included  because  the  effect  o^'^sei  radiation  on  a gaseous  medium 
through  which  it  is  passing  is  impoilant.  as  is  the  reaction  of  the  medium  on  the  radiation.  Lasers  are  also 
used  to  monitor  pollutants  m the  earth's  atmosphere.  Mass  spccttoinetry  is  relevant  to  the  rapidly 
developing  interest  in  mass  spectrometric  sampling  ol  operating  gay  lasers.  The  connection  between 
electrical  discharges  and  plasmas  (included  m the  bibliography)  and 'gas  lasers  is  obvious  to  all.  I he 
relevance  of  lasers  to  theimonuclear  fusion  research  also  reriuires  no  elaboratnm.  Much  I'l  the  leseareh  on 

* Poetic  license  is  taken  with  the  term  ■■electron,"  which  here  iiieaiis  no)  only  ■■negation"  and  "positron. ■' 
but  also  ■■muon,"  the  latter  particle  sometimes  being  considered  to  be  a heavy  electron. 


Ill 


radiaium  Lliomistiv . combuMioii  and  llamcs,  and  uplical  pumping  is  of  direct  importance  to  laser  research 
and  developmeiH.  and  hence  many  icterences  are  included  here,  lire  same  comment  can  be  made  on  nrany 
aspects  of  astrophysics,  especially  those  related  to  the  interactiorr  of  electromagnetic  radiatiorr  with  matter, 
plasma  rrrstabrlities.  and  collisional  and  spectral  properties  of  multiple  ionized  atoms.  A few  refererrees  are 
also  trtcUrded  irr  other  ntinor  categories  to  demonstrate  the  utility  of  lasers  in  precise  measurernerrts  of 
fundamental  quart  titles. 

As  shown  by  the  Table  of  Conterrts,  there  are  71  categories  in  this  bibliography.  The  number  of 
bibltogiaphiL  entries  is  appro.xirnately  2200.  Many  of  these  entries  are  review  articles,  which  are  mainly  of 
tutorial  value  arrd  do  trot  con  lain  much  data  or  many  references.  Hence,  in  an  effort  to  enable  the  user  ol 
tilts  document  to  locate  sources  containing  a large  amount  of  data,  we  have  placed  the  letter  "D”  in  the 
left-hand  margin  alongside  each  relerence  of  this  type.  Similarly,  those  items  containing  a large  number  ol 
f , references  are  marked  "K”. 

We  would  be  grateful  if  users  of  this  bibliography  would  point  out  omissions  to  us  a supplement 
! or  up-dated  version  may  be  in  the  oITtng.  Tinally,  we  would  like  to  thank  Charles  Cason  and  David  Howgate 

' of  Redstone  Arsenal  for  their  encouragement  and  help  in  this  endeavor. 

1 

j liarl  W.  McDaniel 

Harry  W.  Bllis 

I Fred  L.  Fisele 
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School  of  Physics 
Georgia  Institute  of  Technology 
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A.  ATOMIC  COLLISIONS 


1.  l.l.K  I RON  IMI'AO  ON  111  AVY  PAKIKT  LS 

.1.  l-lailic.  Tot.il,  aiiJ  MoineiiUim  TiaMsIoi  Scalleiiiig 

J . N.  Hardslcy.  "Theory  of  Low-Unergy  tleclron-Alom  Collisions  and  Related  Protesses"  in  J.  S, 
Risley  and  K.  Geballe  (eds.l,  "The  Physics  of  Llectionic  and  Atomic  Collisions,”  Invited  Lectures. 
Review  Papers,  and  Progress  Reports,  University  of  Washington  Press,  Seattle.  Washington  1 1^70). 

J.  N.  Bardsley  and  F.  Mandl,  "Resonant  Scattering  of  tlectrons  by  Molecules,”  in  "Kepoits  on 
Progress  in  Pliysics,”  Vol.  3 1 . pg.  47 1 (1968) 

R C.  T.  Barnett,  J.  A.  Ray.  t.  W.  .McDaniel,  L.  W.  Thomas,  et  al,,  "Bibliograpliy  of  Atomic  and 
Molecular  Processes"  (1950-1976),  Oak  Ridge  National  Laboratory,  Oak  Ridge.  Tennessee. 
Categori/ed  according  to  kind  of  collision,  process,  oi  property.  Information  co.icnning 
procurement  available  from  C.  P.  Barnett.  P.O.  Bo.v  .X,  Bldg.  6003.  Oak  Ridge  National 
laboratory . 

D C.  F,  Barnett,  J.  A.  Ray,  t,  Ricci,  1.  VVilker.  F.  W.  McDaniel,  L.  W,  Thomas.and  11.  B.  (Jilbody. 
"Atomic  Data  for  Controlled  Fusion  Research."  Controlled  Fusion  Atomic  Data  Center.  Oak 
Ridge  .National  Laboratory,  Oak  Ridge,  femiessee  (November  1976).  Reports  ORNL  5306  and 
5307,  680  pages. 

R F.  C Bealy  and  J.  W.  (iailaglier.  "Bibliography  of  Low  Lnergy  Llectron  and  Photon  Cross  Section 
Data-Supplcment  (1975)  to  NBS  Special  Publication  436,”  JILA  Information  Center  Report  No. 
15,  Joint  Institute  for  Laboratory  Astrophysics,  University  of  Colorado.  Boulder.  Colorado  (34 
.May,  1976).  Complete  listing  of  references  on  low-energy  electron,  positron,  and  photon 
two-body  collisions  for  the  year  1975,  categorized  according  to  type  of  collision. 

B.  Bederson,"Crosscd-Beam  Flectron-Netitral  Lxperiments”  in  B.  Bederson  and  W.  L.  Fite  (tds.), 
“Methods  of  Experimental  Physics  - Vol.  7.  Atomic  and  Electron  Physics,  Part  A,”  Academic. 
New  York  (1968), 

D.R  B.  Bederson  and  L.  J.  Kieffer,  "Total  Electron-Atom  Collision  Cross  Sections  at  Low  Energies 
Critical  Review,"  Rev.  Mod.  Phys.,  Vol.  43,  pg.  601  (1971 ). 

ABSTRACT 

Experiments  relating  to  measurements  of  total  and  momentum-transfer  cross  sections  for  the 
scattering  of  low-energy  electrons  by  atoms  and  diatomic  molecules  are  critically  reviewed. 
Principal  emphasis  is  placed  upon  tire  Ramsauer  method,  dc  swarms,  and  cro.s.,c J-beams 
experiments,  vvhicli  account  for  the  bulk  of  the  reliable  data  in  the  literature  althougli  other 
techniques  including  differential  measiirenicnls  are  also  discussed.  Ihe  theories  of  the  various 
methods  and  possible  sources  of  error  are  discussed  The  case  of  low-energy  electron  scattering  by 
helium  is  exhaustively  reviewed  since  this  system  has  been  most  intensively  studied  experimentally 
and  is  particularly  amenable  as  well  to  theoretical  calculations.  The  best  available  cross  section 
values,  along  with  comments  on  individual  cxperirnenls,  arc  presented  in  several  tables. 

B.  Bederson.  R.  E.  Collins,  M.  Goldstein,  and  K.  Rubin.  "Summary  of  Recent  Spin-.Aiialyved 
I lectron-Polassiiim  Differential  Cross  Section  Measurements"  in  F.  Bopp  and  11.  Kleinpoppen 
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(l  li^  >.  "I’lissics  ul  llic  Duo-  and  Two-Uootron  Alums,”  Nortli-llolland,  Amsterdam,  pp.  642 
1 14701, 

R.  .A  Uunliam  and  M I mk,  ''llipli  hnorpy  blooUon  Scallciing.”  Van  Nustrand  Roinliuld.  New 
York  (14741. 

J.  R.  Bromberg.  "Measurement  ol  Absolute  Collision  Cross  Seclions  ol'  lilecirons  lilaslieally 
Sealieied.”  in  J.  S.  Risley  and  R.  Ceballc  (lids.)  "The  I’bysies  ol  hleetronic  and  Atomie 
Collisions."  Inviied  Leelures,  Review  I’apers,  and  Progress  Reports,  University  ol  Washington 
Press,  Seattle.  Washington  ( 1476). 

U.R  P.  C.  Burke  and  J.  P.  Williams,  "hleclron  Scattering  by  Alums  and  Molecules.”  Physics  Reports 
(1477). 

P.  U.  Burke,  “Resonances  in  Llectron  Scattering  and  Photon  Absorption,”  in  “Advances  in 
Physics,”  Vol.  14.  pg.  521  ( 1465). 

P.  (i.  Burke.  "Resonances  in  Llectron  Scattering  by  .Atoms  and  .Molecules.”  in  U.  R.  Bales  and  1. 
tsiermami.  “Advances  in  Atomic  and  Molecular  Physics,”  Vol.  4,  pg.  173.  Academic.  New  York 
(1968) 

L.  W.  Byron,  Jr.  and  C.  J.  Joachain,  “Ab  Initio  Optical  Theory  ol'  Clastic  lilectron-Atom 
Scattering,"  in  11.  Kleinpoppen  and  M,  R.  C.  McDowell  (Lds.),  “Llectron  and  Photon  Interactions 
With  Atoms,”  pg.  299,  Plenum,  New  York  (1976). 

L.  J.  Delleer.  “Llastic  and  Total  Scattering  of  Llectrons  by  Noble  Gases,”  in  J.  S.  Risley  and  R. 
Geballe  (Lds.),  “The  Physics  of  Lleclronic  and  Atomic  Collisions,”  Inviied  Lectures,  Review 
Papers,  and  Progress  Reports,  University  of  Washington  Press.  Seattle.  Washington  (1976). 

11.  Lhrhardt,  “Recent  Lxperimenlal  Progress  in  e-11,  e-lle'^  and  e-He  Resonance  Scattering,”  in  F. 
Bopp  and  11.  Klempoppen  (Lds.),  “Physics  of  the  One-  and  Two-Lleclron  Atoms,”  pg.  598, 
North-Holland.  Amsterdam  (1970). 

D .VI.  Fink  and  J.  Ingram.  "Theorelical  Llectron  Scattering  Amplitudes  and  Spin  Polarizations." 
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ABSTRAt  I 

I his  review  deals  with  the  theoretical  ami  e.vperimenial  aspects  of  the  excitation  of  atoms  by 
low-eneigy  electrons. 
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ABSI  RAt  I 

lechni(|oes  foi  the  determination  ol  rotational  and  vibialional  cxcitaiion  cross  sections  of 
molecules  by  low-eneigy  electrons  aie  reviewed.  The  results  of  experiment  are  then  compared  with 
theory.  Iligh-eneigy  resoltition  election  beam  technit|ues  are  most  tisefnl  for  the  measiiiement  ol 
the  details  of  resonance-tv  )K'.  vibi.ilional  exulation  cross  sections.  C ross  section  deleiminations 
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from  analyses  of  electron  transport  coefficients  are  most  successful  at  energies  near  the  threshold 
of  vibrational  excitation  and  for  rotational  excitation,  lligli-frequency  energy  relaxation  studies 
provide  data  on  rotational  excitation.  A comparison  of  presently  available  expermiental  and 
theoretical  results  shows  that  some  of  the  excitation  processes,  e.g.,  rotational  excitation  of  N-i 
and  CO  and  vibrational  e.xcitation  of  CO  near  threshold,  are  accurately  described  by  the 
longest-range  forces  and  Born  approximation.  In  other  cases,  e.g.,  vibrational  excitation  of  N2  and 
CO  near  2 eV,  the  excitation  is  best  described  in  terms  of  an  electron  resonance  with  the  molecular 
potential. 
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ABSTRACT 

Electrons  colliding  with  atoms  can  form,  at  well-defined  energies,  compound  states  consisting  of 
the  target  atom  plus  the  incident  electron.  The  compound  states,  which  are  also  called 
“resonances”  or  “temporary  negative  ions,”  often  dominate  electron  collision  processes.  In  this 
review  we  discuss  the  experimental  methods  wliich  are  useful  for  studying  these  resonances,  and 
review  the  results  obtained  by  various  investigators.  We  list  the  energies'  and  the  widths  of 
resonances  for  FI,  He,  Ne,  Ar,  Kr,  Xe,  Li,  Na,  Hg,  and  O.  The  configurations  and  other  properties  of 
resonances  in  atoms  arc  discussed.  Whenever  applicable,  results  are  presented  in  the  form  of  tables 
and  energy  level  diagrams. 

L),R  G.  J,  Schulz,  “Resonances  in  Electron  Impact  on  Diatomic  Molecules,”  Rev.  Mod.  Phys.,  Vol.  45, 
pg.  423  (1973). 


ABSTRACT 

In  this  review  we  present  the  energies,  configuration,  and  other  properties  of  resonances  (also 
called  “compound  states”  and  “temporary  negative  ions”)  in  diatomic  molecules.  Much  of  the 
information  is  presented  in  the  form  of  tables  and  energy  level  diagrams.  Vibrational,  rotational, 
and  electronic  excitation  are  discussed  whenever  these  processes  have  given  information  on 
resonances;  often  those  excitation  processes  proceed  via  resonances.  The  paper  is  divided  according 
to  molecular  species  (Ih-  Ni,  CO,  NO,  O2),  but  the  main  conclusions  are  discussed  by  the  nature 
of  the  processes  involved. 

D.R  G.  J.  Schulz,  “A  Review  of  Vibrational  Excitation  of  Molecules  by  Electron  Impact  at  Low 
Energies,"  in  G.  Bekefi  (Ed.),  “Principles  of  Laser  Plasmas.”  pg.  34,  Wiley,  New  York  ( 1976). 


I 


M J.  Scjtuii,  "llioiMial  liidjstu  t'olllsloii  l’u)C(;bso>,’’  Kov  Mod.  I'liyb..  V'ol.  30,  pg  97‘)  ( |95S) 


.MiSlRACl 

1 lie  liibt  pall  ol  tills  article  eoiitaiiis  a buiiiiiiaiy  of  relevant  eolli.bioii  theory  iiietliudb.  Ilie  beeoiid 
part  tb  coiieeniej  with  heavy  particle  eollibioiis.  cxeiiatioii  of  11  lb  hypeiliiie  btiueture  Uifblblateb 
by  II  .itoiiii.,  iiiipaet.  e.wilatioii  ol  II j rutatiuii  by  II  and  Hi  iinpael:  II  3b  •'Jp  tranbitionb  piodueed 
by  proton  niipaet;  charge  e.xehaiige  reactions;  excitation  ol  atomic  levelb  by  pioton  impact  I he 
thud  part  dealb  with  inelablic  collisions  between  atoms  and  elections.  Use  of  the  Horn  and 
distoited  wave  appro.xiiiiatioiis  is  discussed.  Calculations  ol  cross  sections  for  excitation  of 
lorbiddeii  lines  in  pH  conliguralioiis  arc  reviewed  and  new  results  presented  foi  O'*’-.  N'*',  C"*^.  and 
Si'^,  both  variational  and  beinieinpirical  inelhods  being  used.  In  the  final  section,  coiiceined  with 
atomic  photoiom/.alioii,  tiew  results  are  given  for  photoionization  from  2p4  configuratiuiis. 
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AUSIRai  1 

I bis  review  includes  a compilation  and  critical  cvalnalion  of  absolute  cioss  s ■,  lions  Im  lom/aiu.'n 
of  atoms  and  diatomic  molecules  by  electron  impasi  l'..\|ieriniental  tedinKiues  used  loi  loni/ation 
are  surveyed.  Selected  relative  cross  sections  foi  production  ol  nuiliipli  sit.irged  mns  and  a bud 
dtscussion  of  relative  cross-section  data  near  tiuesbold  are  presented  Absuinie  liniils  ate  not  st'i  on 
the  si/.e  of  probable  systematic  eirors  m the  vatious  e.spermients. 
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1 he  current  understanding  is  siinmiaii/ed  tioin  a limited  pnml  .i|  uew  wln.li  lidl.e  in  it  la  ted  1'  mi 
decades  ago  and  which  enables  one  to  put  .i  laiieiy  .il  ilu  leti.  .i.  and  ..'sivi iniental  dat.i  .ntu  a 
coherent  pictnie.  l’ro|vilies  ot  the  geiteiali/ed  nscillaloi  stiength.  whuh  ,’li>s  the  cential  inlcm 
the  Iheorv,  aie  treated  in  detail.  I be  inlegi.ited  ciuss  sedion  lot  nielastic  scattcinig  and  lelale.l 
i|iiantlties  at  the  liigli-velocitv  limit  abi . aie  discussed  I be  tlic u > pn u ides  ,,  senes  ol\ 1 1 ten. i Im 
testing  the  compatibility  ot  ctoss-seclioii  data  .iiid  .ilomic  Im  molcciilail  |■■lo|Vllles  that  may  be 
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the  target  atom  pins  the  incident  electron.  I he  coinponnd  states,  which  are  also  called 
"reson.iiices”  or  "temporary  negative  ions."  often  dommate  election  collision  piocesses.  In  this 
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III  ihis  review  we  present  the  energies,  conliguiation.  and  other  properties  ol  lesonances  lalso 
called  "compound  states”  and  "temporary  negative  tons”)  m diatomic  molecules.  .Much  ol  tire 
inl'ormalion  is  presented  in  the  form  of  tables  and  energy  level  diagrams.  Vibrational,  rotational, 
and  electronic  e.'ailalion  are  discussed  whenever  these  processes  have  given  information  on 
resonances;  often  these  excitation  processes  proceed  via  resonances.  The  paper  is  divided  accord- 
ing to  molecular  species  (11s,  Ns,  CO,  NO,  Os),  but  the  mam  conclusions  are  discussed  by  the 
nature  of  the  processes  involved. 
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aspects  of  atomic  physics,  that  carries  the  reader  up  to  the  Second  World  War.  Ihen  lollows  a 
detailed  and  extensive  theoretical  treatment  ol  election  drill  and  dilTusion  in  •'  ^;L-,.tii^  ,md 

magnetic  fields,  electron  motion  in  high-frequency  electric  fields,  and  the  eluwts  ol  inelastic 
collisions  on  electron  transport.  Next  comes  an  authoritative  and  compiehensivc  discussion  ol 
experimental  techniques  used  to  measure  election  drift  velocities,  diflusion  coeltisieiits. 
"magnetic”  drift  velocities,  and  electron  attachment  coefficn  ’ts.  Analytical  methods  are  then 
described  for  deriving  elastic  and  inelastic  cross  sections  liom  the  results  ol  electron  swaim 
experiments.  Such  experiments  can  provide  information  on  electron  collisions  lor  impact  energies 
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concludes  with  a chapter  containing  carefully  selected  and  evaluated  data  on  electron  lianspoii 
coefficients  and  elastic  and  inelastic  cross  sections  for  He,  Ne,  .-Ar.  Kr.  \e.  ID,  Ds.  Ns,  ()s.  an. 
CDs.  CO,  and  water  vapor.  A little  information  is  presented  on  other  gases  1 he  data  are  piesented 
in  both  graphical  and  tabular  form  and  constitute  the  best  collection  available. 

L.  B.  Loeb,  “Basic  Processes  of  Gaseous  Electronics"  (.Second  Edition).  Lniversily  o(  ( ahlorma. 
Berkeley  (1960). 


88 


1 


if 


n 


I J.  I(iwk',',  \ \',  I’hclps  JiKi  H Iivviii.  "(’lodK-k'd  l.lciHon  luiispoil  Cin'iraieiits  iiiuJ 
Opr.alini!  ( liaKK-tt’riblics  o!'  -H'.‘  I Mi\uiie.v  ' .Umiiial  nl  Applied  I'In-.a!,,  Vul  44. 

Pi*.  4(>(v|  ( ! ), 

II.  S.  . .\la>scv  and  1 . It  S.  lUirliop,  "I  Ictlrome  and  Iona  Impact  t’licnoinciia."  \ul.  I. 
I'larcndon.  O.cloid  I 14o'M 

D.R  I . w McDaniel.  ■■Colli^ion  I’la-nomena  in  lom/cd  Gases.”  Wiley.  New  Yoik  ( 1V(>4) 

.\.  von  1‘iuiel,  “liini/.iiion  in  Gases  by  I'.lections  in  llcviric  lields.  in  S.  1 Uiuito  (i.d.l. 
"I  ncyclopedia  ol  I’hssics  Vol.  .\\l  I lection  I ntission  C.as  Discharges  I."  pg.  't)4 
Springcr-V'cilag.  B^'rlin  (l'-*50). 

'i'  Itik-iwu  Traiiblcr  ScclKinb  lot  I kclion  ( olli^ioiis  on  Au'uis  aiu!  Molct-tjlci 

and  Their  Application  to  hlTective  Collision  I reiiueiicies,”  Argoniie  National  Laboratory,  Illinois, 
Radiologic.il  Physics  Division  I AM.-7434).  pagestApril  l<'7dl. 


HA  SWARMS  \\l;  IRANS1H)RI 


W I’  \lliN.  ■■MoUuri^  ul  Ions  aiul  l;lcctioi,s."  iii  S l liiti^o  (Ld.)  "L ncyclupedm  ol  Physics  Vol. 
\\l  I Icctroii  I mission  (.as  1 )iscliai;acs  I."  pc.  .sba.  Spiingci-Vcilag.  Beilin  ( 1456). 

K ( 1 Baincil.  J.  A.  Ray,  I , W.  .McUamel.  1:.  W.  Tlionias.  et  al.,  ’•Bibliogiapliy  ol  Aloinic  and 

M -I.'sulai  Piocesscs"  (1450-1476).  Oak.  Ridge  Nalional  Laboialory.  Oak  Ridge.  Icnnessee, 

( all-  oii/ed  accoiding  lo  kind  of  collision,  process,  or  propeity.  Inlornialion  concerning 
piocriienioiit  available  luMU  C.  P.  Baiiiett.  P.  O.  Box  X.  liidg  6000.  Oak  Ridge  National 
l.aboialorv , Oak  Ridge,  lennessee. 

II  A I Ills.  R \ Pal.  I R.  (jallaiid.  1..  W.  McOaniel.  R Wernliind.  and  .M.  J.  Cohen.  “Ion  Identity 
.iiid  Iranspoit  Piopeities  in  CO  • Ovei  a Wide  Pressuie  Range.”  J . t hem.  Phys.,  V'ol.  64,  pg.  3435 
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ABSl  RACT 

compilation  of  experimental  data  is  presented  for  the  mobilities  of  mass-identified  ions  in 
neiilial  gases  at  loom  temperature  as  a function  of  the  ionic  energy  parameter  P/N.  the  ratio  ol 
electric  field  sirencth  to  neutral  gas  number  density,  fhe  literature  has  been  covered  to  February 
1470.  Ill  addition,  a recently  developed  theory  ot  gaseous  ion  mobility  is  used  to  compute,  lor 
each  ion-gas  combination,  the  /.ero-tleld  reduced  mobility  as  a function  of  the  common  ion-gas 
lempeialuie.  I inaily.  it  is  shown  how  the  tabulated  data  can  be  used  lo  estimate  the  ionic 
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I A Vn;lil.iml  ami  I..  A.  Mason.  "On  the  Relation  Between  Caseous  Ion  Mobility  and  Diffusion 
Coellni'nits  ai  Ailnliaiy  bleetne  l ield  Strengths,”  Jour.  Cheni.  Phys.  Vol.  6.J,  pg.  2‘M3  ( 1975). 

ABSTRACT 

eeneiah/ed  I inslein  relation  for  gaseous  ions  is  shown  to  be  aeeurate  even  at  higli  cleetrie  field 
lieiiglhs.  (iiovided  eaie  is  taken  in  die  evaluation  of  the  ion  temperature.  Comparison  with 
espeinnent  is  made  for  ions  in  He,  Ne,  and  Ar.  The  validity  of  this  relation  means  that  gaseous 
ion  dillubion  eoefficients  ean  be  ealeulated  from  the  mote  easily  measured  mobilities. 

Vests  of  the  Cenerali/.ed  Tinstein  Relation  appear  in  the  following  papers: 

U R \ . Par,  II.  W 1 Ills,  G.  R.  Akridge,  and  p.  W.  McDaniel,  “Generalized  Pinstein  Relation; 
.Application  to  Ions  in  .Molecular  Gases,"  Phys.  Rev.  A.,  Vol.  12,  pg.  1781  (1975). 

R.  V . Pai,  II.  W.  Pllis,  G.  R.  Akridge,  and  P.  W.  .McDaniel,  “Longitudinal  Diffusion  Coefficients  of 
Li^  and  Na'*'  Ions  in  He,  Ne.  and  Ar  P.\perimcntal  Test  of  the  Generalized  Pinstein  Relation,”  J. 
Chem.  Phys..  Vol.  63,  pg.  2916  ( 1975). 

R.  Y.  Pai.  H.  W.  I His,  and  P.  W.  McDaniel,  "Generalized  Pinstein  Relation-.Application  to  Lf*'  and 
Na'*'  in  Hydrogen  Gas,”  J.  Chem.  Phys.,  Vol.  64,  pg.  4238  (1976). 

M.  G.  Thackston.  11.  W.  Pllis,  R,  Y.  Pai,  and  P,  W.  McDaniel,  “Longitudinal  Diffusion  Coefficients 
of  Rb+  Ions  In  He,  Ne,  Ar,  Hs.  N^,  Ov,  and  CO2,”  J.  Chem  Phys.  65,  3390  (1976). 

L.  A.  Viehland  and  P.  A.  Mason,  “Gaseous  Ion  Mobility  in  Plcctric  Fields  of  Arbitrary  Strength,” 
.Annals  of  Physics.  Vol.  9 1 , pg.  499  (1975). 

ABSTR/KT 

V.  lire  first  ligorous  kinetic  theory  Of  ion  mobility  in  neutral  gases,  valid  for  electric  fields  of 

arbitrary  strengdi  without  restriction  on  the  ion-neutral  mass  ratio  or  interaction  potential,  is 
pre.sented.  The  theory  is  based  on  the  use  of  a set  of  basis  functions  in  which  the  ions  arc  allowed 
to  have  a temperature  different  from  that  of  the  neutral  gas.  The  convergence  of  a series  of 
I approximations  for  tlie  mobility  is  good,  and  the  resulting  expressions  are  not  expansions  in 

I I powers  of  the  field  strength.  In  lowest  approximation,  the  equation  for  tlte  mobility  is  nearly  the 

, same  as  that  obtained  from  an  appro.ximate  free-tlight  tireory,  except  for  the  appearance  ol  an 

effective  temperature  in  the  diffusion,  or  momentum-transfer,  collision  integral.  This  difference  is 
I the  crucial  point  that  allows  experimental  measurements  of  ion  mobility  as  a function  of  field 

strength  to  be  u.sed  to  obtain  information  on  ion-neutral  potentials.  Data  on  K'*’  ions  in  He.  Ne. 
and  Ar  are  analyzed  as  an  example;  the  range  of  effective  temperatures  is  approximately  100  to 
20,000°K.  At  high  effective  temperatures  the  results  agree  with  similar  information  obtained  from 
the  scattering  of  ion  beams  in  gas  targets. 

L A.  Viehland  and  P.  A.  Mason.  “Gaseous  Ion  Mobility  and  Diffusion  in  Plectrie  Fields  of 
Arbitrary  Strength.”  Annals  of  Physics  (1977). 

L.  A.  Viehland.  P.  A.  Mason,  W.  p.  Morrison,  and  M,  R.  Flannery,  “Tables  of  Transport  Collision 
Integrals  for  (n,6,4)  Ion-Neutral  Potentials.”  .Atomic  Data  and  Nuclear  Data  Tables,  Vol.  16.  pg. 
495  (1975). 

(p  II.  VVjiinier.  "Motion  of  Ciascous  Ipnsin  Strong  Plcctric  Fields.”  Bell  System  Technical  Joiiinal. 
Vol.  32,  pg.  I 70  ( 1953). 


kji 


91 


111.  Ni:uTK.‘\L  i'.\i<ritLi-;  tkansi’ort 


l)  A.  C'.  Allison  and  F.  J.  Smith,  "l  iunsport  I’ropcrties  of  Aloinii.'  Hydrogen,”  Atomic  Data.  Vol.  i. 

pg.dl7  11471). 

11.  C.  .Andersen,  "Derivation  of  Hydrodynamic  F-quations  from  the  Bolt/.mann  Fquation,"  in  A.  R. 
Hoehslim  (lid.),  "Kinclie  Processes  in  Ciases  and  Plasmas,"  pg.  26,  Aeadeinie,  New  York  (1969). 


D C.  F.  Barnett.  J.  A.  Ray.  F.  Ricci,  I.  Wilker,  F.  W.  McDaniel.  F.  W.  Thomas  and  H.  B,  Gilhody, 
■'.Atomic  Data  lor  Controlled  Fusion  Research,"  Controlled  Fusion  Atomic  Data  Center.  Uak 
Ridge  National  Faboratory.  Oak  Ridge,  Tennessee  (November  1976).  Reports  ORNF  5206  and 
5207.  680  pages. 
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